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Abstract.We present the model-independent studies of non attractor inflation in the context
of effective field theory (EFT) of inflation. Within the EFT approach two independent
branches of non-attractor inflation solutions are discovered in which a near scale-invariant
curvature perturbation power spectrum is generated from the interplay between the variation
of sound speed and the second slow roll parameter η. The first branch captures and extends
the previously studied models of non-attractor inflation in which the curvature perturbation is
not frozen on super-horizon scales and the single field non-Gaussianity consistency condition
is violated. We present the general expression for the amplitude of local-type non-Gaussianity
in this branch. The second branch is new in which the curvature perturbation is frozen on
super-horizon scales and the single field non-Gaussianity consistency condition does hold
in the squeezed limit. Depending on the model parameters, the shape of bispectrum in
this branch changes from an equilateral configuration to a folded configuration while the
amplitude of non-Gaussianity is less than unity.
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1 Introduction
The basic predictions of models of inflation are well consistent with cosmological observa-
tions [1, 2]. The large scale curvature perturbations generated from quantum fluctuations
during inflation are nearly scale-invariant, nearly adiabatic and nearly Gaussian as verified
very accurately in recent cosmological observations. Despite the immense success of inflation
as the leading paradigm for early universe and structure formation there is no unique theory
of inflation. There are many models of inflation consistent with data. The simplest models
of inflation are based on the dynamics of a scalar field rolling slowly over a near flat poten-
tial. Even in the context of single field inflationary models, there are numerous scenarios of
inflation. Therefore, it is an important question how far one can capture the most robust
predictions of models of inflation without relying on particular realization of inflation.
Effective Field Theory (EFT) of inflation [3] has provided a good answer to this question.
In EFT language, all interactions compatible with the underlying symmetries are allowed.
Then different models of inflation are realized depending on how one turn on particular
interactions in the effective action governing the dynamics of the light field. So far the best
studied set up of EFT of inflation is the single field models of inflation in which only one
field is responsible for generating the curvature perturbations. However, the picture of EFT
of inflation can be extended to more complicated setups such as multiple field scenarios [4].
One interesting applications of EFT of inflation is its ability to classify different models
of inflation based on their predictions for non-Gaussianity. Although there is no detection of
non-Gaussianity from the Planck data [5], but non-Gaussianity continues to play important
roles in constraining models of inflation at an age of precision cosmology [6–9]. In particular,
it is known that models of single field slow-roll inflation follow the Maldacena’s consistency
condition [10, 11] in which the amplitude of non-Gaussianity fNL in the squeezed limit is
related to the spectral index of curvature perturbation power spectrum ns via f
sq
NL ∼ ns−1.1
1It is worth mentioning that, as argued in [12], the freely falling observers in Fermi normal coordinates
can not observe this small amount of non-Gaussianity as bispectrum in these sets of coordinates is cancelled
up to corrections of O(k2L/k
2
S) in which kL and kS are the long mode and the short mode defined in squeezed
configuration.
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This has led to the conclusion that a detection of local type non-Gaussianity at the order
fNL = O(1) will rule out all single field models of inflation. However, it was shown in [13]
that this general statement does not hold in models of non-attractor inflation in which the
slow-roll parameter ǫ ≡ − H˙
H2
, measuring the variation of the Hubble parameter H, falls off
exponentially during inflation. As a result, the would-be decaying mode of the curvature
perturbations actually grows during the non-attractor phase and the curvature perturba-
tions R is not frozen on super-horizon scales. Therefore, the single field non-Gaussianity
consistency condition is violated and fNL ≥ O(1) can be generated during the non-attractor
phase [13–15].
So far there are few known examples of non-attractor scenarios. The simplest model is
presented in [13], see also [16, 17], in which the scalar field is rolling in a constant potential
with sound speed cs = 1. A different model of non-attractor inflation was presented in [14, 15]
in the context of P (X,φ) setup of K-inflation [18, 19], see also [20], with a constant sound
speed cs. With the motivation of EFT of inflation, it is a natural question to ask what are
the generic predictions of non-attractor models of inflation without relying on a particular
realization of non-attractor scenario? The goal of this paper is to address this question. As
we shall see, the non-attractor scenarios can easily be embedded within the general context
of EFT of inflation. Equipped with the power of EFT of inflation, we present the general
predictions of the non-attractor scenarios for the spectral index and the shapes of non-
Gaussianities. We demonstrate that there are two independent branches of non-attractor
models which can generate a nearly scale-invariant power spectrum. In one branch we capture
and extend the previous results obtained in [13–15]. Very interestingly, the other branch of
non-attractor scenarios is new which escaped the previous model-dependent studies.
2 The non-attractor inflation in EFT setup
In this section we present our setup of non-attractor inflation in the context of EFT of
inflation. Let us first review the EFT of inflation very briefly. An extensive discussion can
be found in [3]. In what follows, we use the conventions and the methods employed in [21].
In a quasi-de-Sitter background with a time-dependent scalar field φ(t), the four-
dimensional diffeomorphsim invariance is spontaneously broken to a three-dimensional spatial
diffeomorphsim invariance determined by φ(t) = constant. In the so-called unitary (comov-
ing) gauge, one is allowed to write down all terms in the action which is consistent with the
three-dimensional diffeomorphsim invariance while yielding the known background for the
Hubble expansion rate H(t) and its derivative H˙(t). Alternatively, one can change this pic-
ture by restoring the explicit full four-dimensional diffeomorphsim invariance by introducing
a scalar field fluctuations, π(xµ), the Goldstone boson associated with the breaking of the
time diffeomorphsim invariance.
In the presence of the perturbations, the metric is given by
ds2 = −N2dt2 + gˆij
(
dxi +N idt
)(
dxj +N jdt
)
(2.1)
in which N(xµ) and N i(xµ) respectively represent the lapse and the shift functions and gˆij
represents the spatial metric.
The full action, after restoring the four-dimensional diffeomorphsim invariance by the
introduction of the Goldstone boson π(xµ), is Stotal = Smatter+SEH in which the matter part
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of the action is [21]
Smatter =
∫
d4x
√−g
[
−M2P H˙(t+ π)
(
1
N2
(
1 + π˙ −N i∂iπ
)2 − gˆij∂iπ∂jπ
)
−M2P
(
3H2(t+ π) + H˙(t+ π)
)
+ (2.2)
M(t+ π)4
2
(
1
N2
(
1 + π˙ −N i∂iπ
)2 − gˆij∂iπ∂jπ − 1
)2
+
c3(t+ π)M(t+ π)
4
6
(
1
N2
(
1 + π˙ −N i∂iπ
)2 − gˆij∂iπ∂jπ − 1
)3
+ . . .
]
.
In this picture the first two lines of eq. (2.2) are fixed by the given form of the FRW back-
ground while the term containingM(t+π) in the third line controls the sound speed of scalar
perturbations, cs [3]. More specifically, the relation between M(t) and cs is given by
M4 =
1
2
H˙M2p
(
1− 1
c2s
)
. (2.3)
Note that both operators in the third and fourth lines of eq. (2.2) containing M(t + π)
originates from the term g00 + 1 in the unitary gauge (comoving gauge) and c3(t + π) is an
undetermined coupling. As understood from the logics of EFT, there are many terms which
are not written in the above action as they are not important in our limit of interest, the
decoupling limit, in which the gravitational back-reactions are discarded and when we are
well below the strong coupling limit.
In addition, the gravitational part of the action from the Einstein Hilbert term is
SEH =
1
2
M2P
∫
d4x
√−g R = 1
2
M2P
∫
d3x dt
√
gˆ
[
NR(3) +
1
N
(
EijEij − Eii2
)]
, (2.4)
in which MP is the reduced Planck mass, Eij is related to the extrinsic curvature Kij as-
sociated with the three-dimensional hypersurface φ(t) = constant via Eij = NKij and R
(3)
represents the three-dimensional Ricci scalar associated with the metric gˆij .
As discussed in [3] the great advantage of EFT of inflation is in the decoupling limit in
which one can safely neglect the gravitational back-reactions so the observational predictions
such as the tilt of scalar perturbation or the non-Gaussianity parameter fNL are determined to
leading order by the matter fluctuations. Technically, this corresponds to setting N = 1 and
N i = 0 in the action and neglecting the perturbations from the gravitational action eq. (2.4)
compared to perturbations from the matter action. Having this said, in the appendix we
integrate out the non-dynamical variables N and N i and demonstrate the validity of the
decoupling limit for our analysis.
After presenting the setup of EFT, here we present our definition of non-attractor
scenarios. For this purpose, it is convenient to define the “slow-roll” parameters associated
with the variations of H(t) via
ǫ ≡ − H˙
H2
, η ≡ ǫ˙
ǫH
. (2.5)
Our general definition of the non-attractor scenarios is that during non-attractor phase the
slow-roll parameter ǫ falls off exponentially such that the background becomes more and more
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like a dS background as inflation proceeds. Consequently, the second slow-roll parameter η
is not small. Indeed, we expect η ∼ O(−1) during the non-attractor phase. Not that the
requirement that ǫ falls off implies that η < 0. The exact value of η is determined from ns. For
example, in non-attractor models studied in [13–15] in which the sound speed is constant, ns
is given by ns−1 = 6+η so requiring a near scale-invariant power spectrum to be consistent
with observations implies η ≃ −6. In these models, with η ≃ −6, we find that ǫ falls off like
1/a(t)6. As we shall see, during this non-attractor phase the curvature perturbation R is
not frozen on super-horizon scales and it grows like a(t)3. This is the main reason why the
celebrated Maldacena’s consistency condition is violated in non-attractor model. We stress
that the non-attractor phase can not extend for a long period, as ǫ becomes very small while
R grows exponentially and the system becomes non-perturbative. In order to prevent this to
happen, the non-attractor phase has to be followed by an attractor phase in which ǫ becomes
nearly time-independent and R saturates on super-horizon scales.
Motivated with the generality of EFT, here we extend the non-attractor models to case
in which the sound speed and the operator c3(t) can also vary during the non-attractor phase.
For this purpose, let us define the slow-roll parameters in the matter sector via
s ≡ c˙s
Hcs
, δ3 ≡ c˙3
Hc3
. (2.6)
In principle the parameters s or δ3 can take arbitrary values as long the power spectrum
becomes nearly scale-invariant.
With these discussions one may ask what conditions should be imposed on the variations
of the secondary slow-roll parameters η, s and δ3. We take the simple assumption that
these secondary slow-roll parameters are nearly constant and η˙ ∼ s˙ ∼ δ˙3 ∼ O(ǫ). Of
course, this may not be the case in general and these secondary slow-roll parameters may
have rapid variations like ǫ, cs or c3, but as we shall see, even the simple assumptions of
allowing |η|, |s|, |δ3| ∼ O(1) while neglecting their evolution describes large enough class of
non-attractor models.
This discussion summarizes our definition of non-attractor phase without relying on
any particular model. Our goal is to understand the properties of non-attractor models in
a model-independent way using the effective field theory (EFT) method of inflation [3]. As
we shall see our model-independent analysis reproduces the results obtained in [13–15] in
particular limits.
Now the question arises how the non-attractor models can be embedded in EFT ap-
proach of inflation. Interestingly, this is vary simple. During the non-attractor phase ǫ falls
off rapidly so the the main places where the effects of non-attractor phase enter are the first
two lines of action (2.2) containing H˙(t + π) and H2(t + π). Therefore, we need to expand
H˙(t+ π) and H2(t+ π) to first order of ǫ. Note that the presence of η ≃ O(−1) will play a
crucial role here. We have
H¨ = −ǫ˙H2 − 2ǫH˙H
= −ηǫH3 + 2ǫ2H3 = −ηǫH3 +O(ǫ2) , (2.7)
and
dH¨
dt
= −η˙ǫH3 − η2ǫH4 + 7ηǫ2H4 − 6ǫ3H4 = −η2ǫH4 +O(ǫ2) (2.8)
Note that in the last relation we have neglected the evolution of η because η˙ηH = O(ǫ) as
assumed above.
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Also,
d2
dt2
H¨ = −η3ǫH5 +O(ǫ2) . (2.9)
Combining these expansions for dH¨dt and
d2
dt2
H¨ to leading order for H2(t+ π) we obtain
H2(t+ π) = H2(t) + 2HH˙π +
1
2
(
H˙2 + 2HH¨
)
π2 +
1
6
(
6H˙H¨ + 2H
dH¨
dt
)
π3 + . . .
= H2(t)− 2ǫH3π − ηǫH4π2 − 1
3
η2ǫH5π3 + . . . . (2.10)
Similarly, for H˙(t+ π) to leading order we obtain
H˙(t+ π) = −ǫH2 − ηǫH3π − 1
2
ǫη2H4π2 − 1
6
η3ǫH5π3 + . . . . (2.11)
We stress that in obtaining the above expansions, we have kept terms leading in ǫ because ǫ
falls off rapidly during the non-attractor phase. In addition we have neglected the variations
of η as we assumed that η˙ ∼ O(ǫ).
In addition to contributions from H2(t+π) and H˙(t+π) from the background dynamics,
we also have the contributions from the rapid variations of the sound speed cs(t+π) and the
coupling c3(t+π). These contributions should also be included in quadratic and cubic actions.
As we discussed before, the operator M(t) controls the sound speed of scalar fluctuations as
given in eq. (2.3). As a result
M4(t+ π) = −1
2
ǫH2M2P
[(
1− 1
c2s
)
+
2s
c2s
Hπ + η
(
1− 1
c2s
)
Hπ
]
+ . . . (2.12)
Similarly, for the operator c3(t) we have
c3(t+ π) = c3(t) (1 + δ3Hπ) + . . . (2.13)
Equipped with the expansion of the background parameters H(t+ π) and H˙(t+ π) as given
in eqs. (2.10) and (2.11) and the matter sector parameters eqs. (2.12) and (2.13) we can
obtain the quadratic and cubic action for π in the matter sector along with the action from
the gravitational sector from eq. (2.4).
As we mentioned before, the advantage of EFT of inflation is in decoupling limit in
which one can neglects the gravitational back-reactions. This is even more justified in the
non-attractor regime in which ǫ falls off rapidly and the errors in neglecting the gravitational
back-reactions which are controlled by higher powers of ǫ are quite negligible. As we see
from the detail analysis in the appendix, we can safely go to decoupling limit in which we
can ignore the contribution from eq. (2.4) and set N = 1, N i = 0 in the matter sector. In
this limit, the quadratic and the cubic actions generated from eq. (2.2) respectively are
S2 =
∫
d3x dtM2Pa
3ǫH2
(
c−2s π˙
2 − a−2(∂iπ)2
)
, (2.14)
and
S3 =
∫
d4xa3ǫM2pH
2
[
(η − 2s)H
c2s
ππ˙2 − ηH
a2
π(∂iπ)
2 (2.15)
−
(
1 +
2
3
c3
)(
1− 1
c2s
)
π˙3 +
(
1− 1
c2s
)
π˙
a2
(∂iπ)
2
]
.
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The above actions are written in terms of π. However, we are interested in power
spectrum and bispectrum of comoving curvature perturbation R. The relation between π
and R, to quadratic order which is necessary for the bispectrum analysis, have been worked
out in [10, 21] yielding
R = −Hπ +Hπ˙π + H˙
2
π2 +O
(
π3
)
. (2.16)
We have specifically checked that the above relation does hold for the non-attractor se-
tups too.
Finally, to calculate the quadratic and cubic actions and the follow up in-in analysis we
need to know the functional form of the quantities ǫ(t), cs(t) and c3(t). Using the definition
of η, s and δ3 given in eqs. (2.5) and (2.6), and employing the assumption that η, s and δ3 do
not vary during the non-attractor phase we have
ǫ = ǫe
(
τ
τe
)−η
, cs = cse
(
τ
τe
)−s
, c3 = c3e
(
τ
τe
)−δ3
, (2.17)
in which τ is the conformal time related to cosmic time via dτ = dt/a(t) and τe represents
the time of end of non-attractor phase. Finally, the scale factor in terms of conformal time
is given by a = ae
(
τ
τe
)−1
.
As we shall see, a combination of η and s determine the tilt of curvature perturbation
power spectrum. Therefore, neither η nor s is fixed individually. Having this said, we can
derive an upper bound on the value of s as follows. The universal definition of inflation is
that a¨ > 0 so during this phase the comoving Hubble radius 1/aH falls off rapidly. However,
in the inflationary model with a non-trivial sound speed, we encounter the “sound horizon”
associated with the scalar perturbations. Correspondingly, the comoving sound horizon is
given by cs/aH. In order for the perturbation with the comoving wave number k to be
sub-horizon during early stage of inflation and then to leave the comoving sound horizon
during the subsequent stage of inflation, we require that the comoving sound horizon to be
a decaying function during inflation. Using eq. (2.17), the condition for the comoving sound
horizon cs/aH to be a decaying function as inflation proceeds is s < 1 which will be imposed
in our analysis below.
3 Power spectrum
In this section we study the predictions for curvature perturbations power spectrum. To
leading order R = −Hπ and the quadratic action for curvature perturbations power spec-
trum is
S2 =
1
2
∫
d3xdτz2
[
R′2 − c2s(∂iR)2
]
, (3.1)
in which a prime indicates the derivative with respect to conformal time, ∂iR represents the
spatial derivative of R and the parameter z is defined via
z2 =
2ǫa2
c2s
M2P . (3.2)
Interestingly the action (3.1) coincides with action obtained in particular P (X,φ) model of
non-attractor inflation studied in [14, 15]. In the decoupling limit in which we neglect the
gravitational action (2.4) and, as long as we neglect the variation of η, the second order action
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for all non-attractor scenarios is uniquely given by eq. (3.1). The only relevant parameter is
the sound speed of perturbations cs(t), which is determined by the operator M
4(t) given in
eq. (2.12).
To quantize the system and to calculate the power spectrum, it is conventional to define
the canonically normalized field v related to R via v = zR. After some integrating by parts,
the action for the canonically normalized field v is given by
S2 =
1
2
∫
d3xdτ
[
(v′)2 − c2s(∂iv)2 +
z′′
z
v2
]
, (3.3)
in which the quantity −z
′′
z represents the effective time-dependent mass of the canonically
normalized field. More specifically, to leading order of ǫ we have
z′′
z
=
1
τ2
(
2 +
1
4
(η − 2s)(η − 2s+ 6)
)
. (3.4)
The equation of motion for the canonically normalized field in the Fourier space with
the momentum number k is
v′′k +
(
c2sk
2 − ν
2 − 14
τ2
)
vk = 0 , (3.5)
in which a prime indicates the derivative with respect to the conformal time and the index
ν is defined via
ν ≡ η − 2s+ 3
2
. (3.6)
We present the exact solution of vk(τ) in eq. (3.5) for the form of cs given in eq. (2.17).
However, before presenting the general solution for vk(τ) let us pause and check whether or
not the notion of propagating wave and the initial adiabatic mode is well-defined in our system
when |s| is not small and cs(τ) evolves rapidly. In order to have a well-defined propagating
mode deep inside the horizon, we impose the WKB approximation in which |c′sk/(csk)2| ≪ 1.
For this to apply we require
csk|τ | ≫ |s| . (3.7)
In this limit, one can neglect the second term in the big bracket in eq. (3.5) and a WKB
solution for modes propagating deep inside the horizon is applicable. The corresponding
WKB solution is
v(k, τ) ≃ 1√
2kcs
exp
[
−ik
∫
cs(k, τ)dτ
]
≃ 1√
2kcs
exp
(−ik cs(τ)τ
1− s
)
(csk|τ | ≫ |s|) . (3.8)
Note that the only change compared to standard case in which one can neglect the evolution
of cs is the appearance of the additional factor 1− s in the denominator of the argument. As
we discussed before, in order to have a decreasing function of comoving sound horizon, we
require 1− s > 0.
Happily eq. (3.5) can be solved analytically. The solution which matches the WKB
solution for modes deep inside the horizon eq. (3.8) is
v = C1
√
xH(1)µ
(
x
1− s
(
x
x∗
)−s)
(3.9)
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in which H
(1)
µ (x) is the Hankel function of type one, x ≡ −cs(τe)kτ and
µ ≡ ν
1− s , C1 ≡
√
π
4kc∗(1− s) e
i(µ+1/2)π/2 . (3.10)
We are interested in the power spectrum of the curvature perturbation R = cs√
2ǫaMP
v
on super-horizon scales in which x→ 0. Using the following formula for the small argument
of Hankel function
H(1)µ (x) = e
−i(µ−|µ|)π/2H(1)|µ| (x) ≃ e−i(µ−|µ|)π/2
[
−iΓ(|µ|)
π
(
2
x
)|µ|]
(x→ 0) (3.11)
the curvature perturbation on super-horizon scales is obtained to be
∣∣∣R(τ → 0)∣∣∣ ≃ 2|µ|− 32Γ(|µ|)(1− s)|µ|− 12√
πǫecsek3
H
MP
(
τ
τe
)ν+s|µ|− 3
2
(−cskτ)
3
2
−|µ| (3.12)
in which ǫe and cse represents the value of the corresponding quantities at the end of non-
attractor phase τ = τe and Γ is the Gamma function.
Correspondingly, the power spectrum at the end of non-attractor is obtained to be
PR(τe) ≡ k
3
2π2
∣∣∣R(τe)∣∣∣2 = A
(
k
ke
)3−2|µ|
, (3.13)
in which ke ≡ a(τe)H/cse represents the mode which leaves the sound horizon at the end of
non-attractor phase and the amplitude A (COBE normalization) is
A ≡ Γ(|µ|)
2(1− s)2|µ|−1
π324−2|µ|
1
ǫecse
(
H
MP
)2
. (3.14)
The spectral index ns from the power spectrum (3.13) is obtained to be ns−1 = 3−2|µ|.
Depending on the sign of µ we have
ns − 1 = −η + s
1− s (µ > 0) (3.15)
or
ns − 1 = 6 + η − 5s
1− s (µ < 0) . (3.16)
The branch represented by eq. (3.15) reproduces the results in the known slow-roll limit, the
K-inflation model [19, 37, 38], in which |s|, |η| ≪ 1 and ns − 1 ≃ −η − s − 2ǫ . Note that
we have already discarded ǫ in our analysis assuming that ǫ → 0 so the O(ǫ) discrepancy
with the K-inflation results is expected. Furthermore, the branch represented by eq. (3.16)
is a generalization of the previously studied models of non-attractor with s = 0 [13–15] in
which η ≃ −6 to get a nearly scale-invariant power spectrum. Note that the branch η ≃ −s
represented by eq. (3.15) is new which was not noticed in the previous model-based analysis
of [13–15]. This demonstrates the power of EFT as a platform to study inflation model
independently. We comment that the condition η = −s to obtain a scale-invariant power
spectrum may be interpreted from the fact that PR ∝ 1/ǫcs. So, one may expect that a
variation of cs(t) should be balanced by the variation of ǫ(t) such that the power spectrum
remains scale invariant when η = −s.
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Equipped with the powerful EFT method we see that there are different options to get
a nearly scale-invariant power spectrum with a mild red-tilted power, ns ≃ 0.96, depending
on whether µ > 0 or µ < 0. Note that our starting assumption was that ǫ falls off rapidly
so we choose the sign of η to be negative. As for s, as we discussed before, we only require
s < 1 in order to get a decreasing function of comoving sound horizon during inflation so
the sign of s is undetermined. A positive (negative) s indicates a growing (decaying) sound
speed during inflation. In the case s > 0 the sound speed can cross unity and we enter the
superluminal regime. In order for this not to happen, one concludes that the duration of the
non-attractor phase to be finite, say few e-folds such that |sNe| < 1 in which Ne represents
the duration of non-attractor phase. On the other hand, if s < 0 then the sound speed
falls off as inflation proceed. If cs becomes arbitrarily small, then one encounters the strong
coupling regime limit with very large non-Gaussianity. Therefore, in order to avoid the strong
coupling limit, we demand that the non-attractor phase terminates before cs becomes very
small, say cs > 0.003 [3]. However, there is stronger upper bound on cs from the Planck’s
constrains on equilateral-type non-Gaussianity, requiring cs ≥ 0.02 [5].
Having obtained the two possible branches to get a nearly scale-invariant power spec-
trum as give by eqs. (3.15) and (3.16), it is instructive to look at the evolution of R on
super-horizon scales. From eq. (3.12), and noting that |µ| ≃ 32 to get a scale-invariant power
spectrum, we obtain
R˙ = −(η + s)
2
HR (kτ → 0) . (3.17)
Interestingly, for the branch η = −s, the curvature perturbation is frozen on super-horizon
scales. This is similar to the conventional models of single field slow-roll inflation. In addition,
as discussed in [11, 21], the constancy of R is the essential reason for the validity of the
single field non-Gaussianity consistency condition. Therefore, in this branch we expect that
the single field non-Gaussianity consistency condition to hold and f
(sq)
NL = O(ǫ). We verify
this conclusion explicitly in next section. On the other hand, for the branch η = −6 + 5s,
we obtain R˙ = 3(1 − s)HR on super-horizon scales. This is in agreement with the results
obtained in the particular P (X,φ) model studied in [13–15] in which s = 0 and R˙ = 3HR
on super-horizon scales. As a result, since R is not frozen on super-horizon scales, we expect
that the non-Gaussianity consistency condition to be violated in this branch as we shall see
explicitly from our in-in analysis. Note that since s < 1 we conclude that R˙ > 0 and the
curvature perturbations grows exponentially during the non-attractor phase in this branch.
This indicates an instability so we have to terminate the non-attractor phase followed by an
attractor phase [13].
As mentioned above, the branch η = −6+5s is an extension of the previous non-attractor
models based on P (X,φ) action as studied in [13–15]. Therefore, it is an interesting exercise
to realize a specific model for the branch η = −s such as in P (X,φ) setup. In principle
one could have discovered the branch η = −s from examples built in P (X,φ) setup. As
experienced in [14] this requires careful inverse engineering. Having this said, we find it
interesting that the new branch η = −s emerges naturally within the general context of EFT
of inflation.
4 Bispectrum
Having studied the power spectrum and the criteria to obtain a nearly scale-invariant
power spectrum, here we study the predictions of the general non-attractor models for non-
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Gaussianity. Here the discussions become more interesting. First, EFT provides a framework
in which different inflationary models can be classified based on their predictions for the
amplitude and the shape of non-Gaussianity. Second, the particular non-attractor models
presented originally in [13–15] are the very few known examples of single field inflation which
violate the non-Gaussianity consistency condition, for more discussions on non-Gaussianity
consistency condition see [10, 11, 21–32]. Therefore, it is natural to ask if this violation of
non-Gaussianity consistency condition is a generic feature of the non-attractor inflationary
systems.
To calculate the bispectrum of R we have to take into account the non-linear relations
between R and π given in eq. (2.16). More specifically, the bispectrum of R is related to the
bispectrum of π via
〈
R(k1)R(k2)R(k2)
〉
= −H3
〈
π(k1)π(k2)π(k3)
〉
+H3
〈
π(k1)π(k2) (ππ˙) (k3)
〉
+2 c.p. (4.1)
The last term above involves convolution integrals, yielding
〈
π(k1)π(k2) (ππ˙) (k3)
〉′
=
1
H4
[
|R(k1)|2R(k2)R˙(k2)∗ + |R(k2)|2R(k1)R˙(k1)∗
]
(4.2)
in which 〈〉′ indicates that we have absorbed the common factor (2π)3δ(3)(k1 + k2 + k3).
Now, using eq. (3.17) to express R˙ in terms of R, the contribution in bispectrum from the
non-linear relation between π and R is
H3
〈
πk1πk2 (ππ˙)k3
〉′
+ 2 c.p. = −(η+s)
[
PR(k1)PR(k2)+PR(k1)PR(k3)+PR(k2)PR(k3)
]
(4.3)
Plugging eq. (4.3) in eq. (4.1), the relation between the bispectrum of π and R is
〈
R(k1)R(k2)R(k2)
〉′
=
〈
π(k1)π(k2)π(k3)
〉′
−(η + s)
[
PR(k1)PR(k2) + PR(k1)PR(k3) + PR(k2)PR(k3)
]
(4.4)
in which it is understood that all quantities are calculated at the time of end of non-attractor
phase τe. The power spectrum PR(k) at τe is
PR(k, τe) = |R(τe)|2 = (1− s)
2H2
4ǫecek3M2P
. (4.5)
To calculate the first term above,
〈
π(k1)π(k2)π(k3)
〉
, we need the cubic action which is
given in eq. (2.15). Specifically, using the standard in-in formalism [8, 39, 40] the bispectrum
at the end of non-attractor phase is given by
〈
π(k1, τe)π(k2, τe)π(k2, τe)
〉
= i
∫ τe
−∞
dτ
〈
πk1(τ e)πk2(τ e)πk3(τ e)Li(τ)
〉
+ c.c. (4.6)
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in which c.c. stands for complex conjugation and Li represents either of the four Lagrangian
terms in eq. (2.15); namely
L1 = H3 (η − 2s)a
2
c2s
ǫM2pππ
′2 (4.7)
L2 = −ηH3a2M2p ǫπ(∂iπ)2, (4.8)
L3 = −aH2
(
1 +
2
3
c3
)(
1− 1
c2s
)
ǫM2pπ
′3, (4.9)
L4 = aH2
(
1− 1
c2s
)
ǫM2pπ
′(∂iπ)2 . (4.10)
Since the details of the analysis and the shape of non-Gaussianity are distinctly different
for the two allowed branches of scenarios η = −6 + 5s and η = −s, we study each branch
separately.
4.1 The branch η = −s
In this case the wave function of R is given by
R(k, τ) = cs
2aMp
√
− πτ
2ǫ(1− s)H
(1)
3
2
(
− kcsτ
1− s
)
, (4.11)
in which we have neglected the corrections at the order O(1 − ns) in wave function and set
µ = 32 . This is justified since we are interested in generating fNL ∼ O(1) and can discard the
sub-leading corrections to fNL at the order ns − 1 or ǫ.
Happily the in-in integrals can be performed analytically. We present the result term
by term. For the contribution from L1 we have
〈
R(k1)R(k2)R(k3)
〉′
L1
=
3H4s(s−1)4
16M4PK
2k31k
3
2k
3
3c
2
eǫ
2
e
(4.12)
×
[
cos(2πs)(k1k2k3)(k1k2+k1k3+k2k3)+K
(
k21k
2
2+k
2
1k
2
3+k
2
2k
2
3
)]
,
in which we have defined K = k1 + k2 + k3.
The contribution from L2 yields
〈
R(k1)R(k2)R(k3)
〉′
L2
=
H4(k21 + k
2
2 + k
2
3)
32M4PK
2
s(s− 1)4
ǫ2ec
2
ek
3
1k
3
2k
3
3
(4.13)
×
[
cos(2πs)k1k2k3 −K
(
k21 + k
2
2 + k
2
3 + k1k2 + k1k3 + k2k3
)]
.
Finally, L3 and L4 make no contributions 〈R3〉L3 = 〈R3〉L4 = 0.
We also have to include the contributions from the non-linear relation between π and
R. Interestingly, in the current case in which η + s = 0, there is no contribution from the
non-linear relation between π and R as can be seen from eq. (4.3). As a result, the total
contribution to bispectrum is from L1 and L2.
To simplify the analysis, it is useful to define
K ≡ k1 + k2 + k3 , P 2 ≡ k1k2 + k1k3 + k2k3 , Q3 ≡ k1k2k3 . (4.14)
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With these definition, the total bispectrum is
〈R3〉′total =
s(s− 1)4H4
32M4P ǫ
2
ec
2
eK
2Q9
[
Q3
(
K2 + 4P 2
)
cos(2πs) +K
(
4P 4 −K4 + 3P 2K2 − 12Q3K
)]
(4.15)
The above bispectrum has a non-trivial shape. However, from eq. (3.17), we know that with
η+s = 0, the curvature perturbation R is frozen on super-horizon scales. Therefore, the non-
Gaussianity consistency condition should be satisfied in the squeezed limit [10, 11] in which
f sqNL ∝ (1−ns)→ 0. Therefore, it is constructive to look at the shape of bispectrum eq. (4.15)
in the squeezed limit k3 ≪ k1 ≃ k2. In this limit K ≃ 2k1, P 2 ≃ k21 and Q ≃ k3k21 → 0 and
eq. (4.15) yields
〈R3〉′sqtotal ≃ s
k3
k1
PR(k1)PR(k3)→ 0 , (4.16)
so the bispectrum vanishes in the squeezed limit, in agreement with the Maldacena’s consis-
tency condition. Note that we have neglected the gravitational back-reactions and also set
ns = 1 in the bispectrum analysis so we can not recover O(ǫ) corrections in bispectrum in
the squeezed limit.
It is also instructive to look at the magnitude of non-Gaussianity in the equilateral limit
k1 = k2 = k3. In this limit we obtain
〈R3〉′eq = 7
6
s cos(2πs)P 2R(k1) . (4.17)
A convenient way to parameterize the amplitude of non-Gaussianity is via the parameter fNL
defined via
6
5
fNL =
〈
R(k1)R(k2)R(k3)
〉′
PR(k1)PR(k2) + 2c.p.
. (4.18)
Using this definition, the non-Gaussianity parameter in the equilateral configuration f eqNL is
obtained to be
f eqNL =
35
108
s cos(2πs) . (4.19)
Knowing that s < 1 in order to have a decaying sound horizon during inflation, the above
equation indicates that the amplitude of f eqNL is less than unity so it is consistent with obser-
vational constraints.
Now let us look at the shape of bispectrum in general case. Following the convention of
Chen [8], the dimensionless shape function S(k1, k2, k3) is defined by
〈R3〉 = (2π)
4P2R
(k1k2k3)2
S(k1, k2, k3)
yielding
S(k1, k2, k3) =
s
8
[(
1 +
4P 2
K2
)
cos(2πs) +
(
4P 4
KQ3
− K
3
Q3
+
3KP 2
Q3
− 12
)]
. (4.20)
Note the curious form of the numerical factors. As can be seen from figure 1, the numerical
factors in the second big bracket above are such that the bispectrum does not peak in the
local shape. We note that the term containing cos(2πs) generates the equilateral shape while
the terms in the second bracket generate the folded shape. Therefore, depending on the
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Figure 1. The amplitude of the shape functions, |S|, given in eq. (4.20). Left panel is for s = 0.9 so
the term containing cos(2πs) dominates yielding a nearly equilateral shape. Right panel is for s = 0.3
and the shape is close to the folded shape. Our convention is that xi =
ki
k1
, for i = 2, 3.
value of the parameter s, the shape of non-Gaussianity changes from the equilateral shape
to folded shape. The equilateral shape dominates when | cos(2πs)| is large, i.e. when s ∼ 0
or s ∼ 1, while the folded shape dominates when cos(2πs) becomes small when s ∼ 12 . This
is similar to the phenomena observed in model of quasi single field inflation [33, 34], see
also [35, 36], in which the shape function evolves from the equilateral shape to local shape
depending on the mass of the semi-heavy iso-curvaton field. Finally, the amplitude of non-
Gaussianity is less than unity for both equilateral and folded shapes so the predictions of the
model for non-Gaussianity are well-consistent with observational bounds. We stress again
that the shape does not peak for local-type configuration which is supported from the fact
that the non-Gaussianity consistency condition is satisfied in the squeezed limit as discussed
in eq. (4.16).
4.2 The branch η = −6 + 5s
Here we calculate the bispectrum for the case η = −6 + 5s. Only L1 and L3 yield non-zero
contributions for in-in integrals and we have
〈R3〉′L1 =
η − 2s
32
(s− 1)4H4
ǫ2ec
2
seM
4
P
k31 + k
3
2 + k
3
3
k31k
3
2k
3
3
(4.21)
and
〈R3〉′L3 =
(s− 1)6H4
ǫ2ec
2
seM
4
P
k31 + k
3
2 + k
3
3
k31k
3
2k
3
3
×
[
9
32
6(1− c2e) + 6sc2se − 4s
(s− 1)(4s− 6) +
9c3e
8
(6− δ3)(1− c2se) + 6sc2se − 4s
(δ3 + 6s− 6)(4s+ δ3 − 6)
]
, (4.22)
in which c3e represents the value of c3 at the time τ = τe.
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The contribution from the non-linear relation between π and R, 〈R3〉π→R, from
eq. (4.3) is
〈R3〉′π→R = −(η + s)
(s− 1)4H4
16ǫ2ec
2
seM
4
P
k31 + k
3
2 + k
3
3
k31k
3
2k
3
3
. (4.23)
Adding the contributions from 〈R3〉L1 , 〈R3〉L3 and 〈R3〉π→R, the final bispectrum is obtained
to be
〈R3〉′total =
[
P (k1)P (k2) + P (k1)P (k3) + P (k2)P (k3)
]
F (4.24)
in which the function F is defined via
F ≡ −(η + 4s)
2
+ (s− 1)2
[
27(1− c2se) + 9s(3c2se − 2)
(s− 1)(4s− 6) + 18c3e
(6− δ3)(1− c2se) + s(6c2se − 4)
(δ3 + 6s− 6)(4s+ δ3 − 6)
]
From eq. (4.24) we see that the bispectrum has the exact local shape and no other shapes
are generated.
Now let us calculate the non-Gaussianity parameter fNL in the squeezed limit k3 ≪ k1 ≃
k2. Using the general definition given in eq. (4.18), fNL in the squeezed limit is obtained to
be 125 f
sq
NL = 2F yielding
12
5
f sqNL = −(η + 4s) (4.25)
+(s− 1)2
[
54(1− c2se) + 18s(3c2se − 2)
(s− 1)(4s− 6) + 36c3e
(6− δ3)(1− c2se) + s(6c2se − 4)
(δ3 + 6s− 6)(4s+ δ3 − 6)
]
As an example consider the P (X,φ) model presented in [14] and [15] with s = δ3 = 0
and η = −6. In this case we obtain
F = 6 + 3 (1− c2s) (2c3 + 3) . (4.26)
Furthermore, if we assume c3 = −32 + 12c2s which is valid in P (X,φ) model studied in [14]
and [15] then F = 3(1+c2s)
c2s
and
fNL =
5
(
1 + c2s
)
4c2s
, (4.27)
in exact agreement with the results of [14] and [15]. Finally, if we further assume cs = 1, as
in model studied in [13], then fNL =
5
2 which is well-consistent with the Planck constraints
on the amplitude of local-type non-Gaussianity [5].
5 Summary and discussions
In this paper we have presented a model-independent study of non-attractor inflation in
the context of EFT of inflation. The goal was to find the generic predictions of the non-
attractor scenarios for the power spectrum and bispectrum. We believe that it is important
to understand the general predictions of the non-attractor scenarios in a model-independent
way. This is mainly because the non-attractor scenarios provide the very few examples
in which the Maldacena’s non-Gaussianity consistency condition for single field inflation is
violated. As a result, a detection of local-type non-Gaussianity with fNL ∼ O(1) does not
necessarily rule out all single field models of inflation. More precisely, it rules out all single
field models of inflation which has reached the attractor phase.
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We have studied a large class of non-attractor model in the context of EFT of inflation.
Our only assumptions were that η and s do not evolve significantly during the non-attractor
phase. These assumptions were imposed mainly to keep the analysis under analytical control.
In principle one can go beyond these simplifications and allow the situations in which both
η and s have significant evolution during the non-attractor phase. Having this said, the
setup studied here in which |η|, |s| ∼ O(1) while η˙, s˙ ∼ 0 represents large enough class of
non-attractor scenarios.
We have obtained two branches of non-attractor scenarios which can generate a near
scale-invariant power spectrum determined by η = −6 + 5s or η = −s. The first branch
encompasses the previously known models of non-attractor scenarios in which s = 0 and
η = −6 [13–15]. However, the branch η = −s is new which was not noticed previously. This
demonstrates the power of EFT of inflation as a very helpful setup to study the paradigm of
inflation model-independently.
We have studied the predictions of the above branches of non-attractor scenarios for
the bispectrum. We have shown that the bispectrum in the new branch η = −s has a
non-trivial shape. Depending on the value of the parameter s, the bispectrum can change
from the equilateral shape dominated when | cos(2πs)| → 1, to folded shape dominated when
cos(2πs) → 0. For both configurations, the amplitude of non-Gaussianity is less than unity
which is consistent with the observational constraints. In addition, in this branch R is frozen
on super-horizon scales and as a result the non-Gaussianity consistency condition is expected
to hold in this branch. We have checked explicitly that this is indeed the case. On the
other hand, for the branch η = −6 + 5s, only the local-type non-Gaussianity is generated.
The curvature perturbation is not frozen on super-horizon scales and the non-Gaussianity
consistency condition is violated as previously noticed in particular examples studied in [13–
15]. Depending on the value of model parameters such as s, cse, δ and c3e a large local-type
non-Gaussianity is generated. Combined with the Planck’s constraints on local-type non-
Gaussianity this can be used to constrain the model parameters.
An interesting conclusion of this model-independent study was that not all single field
non-attractor models can violate the non-Gaussianity consistency condition. Only in non-
attractor models in which the curvature perturbation is not frozen on super-horizon scales
the single field non-Gaussianity consistency condition is violated.
Considering the results obtained in this work, one may ask if our setup is more generic
than the P (X,φ) setup of K-inflation. This is more pronounced since formally our quadratic
action becomes identical to that of P (X,φ) models as can be seen from eqs. (3.1) and (3.2).
Having this said, we believe our general EFT setup has more advantages than starting from
the P (X,φ) setup to build the non-attractor solutions. For example, it is true that at the
power spectrum level our action becomes formally identical to the quadratic action of P (X,φ)
models but the situation is different at the bispectrum level. For example, the parameter c3
or δ3 appear only in bispectrum. In general c3 is undetermined at the level of power spectrum
and it may not be embedded in the simple known bispectrum of P (X,φ) which is mostly
controlled by cs and higher derivatives of P (X,φ) such as P,XXX . In addition, in principle
we are able to construct models beyond P (X,φ) setup such as ghost inflation. For this we
can turn on the higher derivative terms in action (2.2) while enforcing formally H˙ = 0. Of
course, in this case we shall keep H¨ in order to construct the non-attractor phase.
Having this said, it is an interesting exercise to construct a specific model of non-
attractor inflation for the new branch η = −s. One may use a setup similar to [14] and [15]
with Lagrangian in the form X + Xα with a potential V (φ). This can be an interesting
exercise which may be studuied in a future work.
– 15 –
J
C
A
P07(2015)048
Acknowledgments
We would like to thank A.A. Abolhasani, X. Chen, R. Emami, E. Komatsu and M.H. Namjoo
for useful discussions and correspondences.
A The quadratic and cubic actions
Here we present some details of the quadratic and cubic action. As the non-attractor phase
is associated with some paramteres at the background that evolves fast, one has to be careful
in obtaining the actions through expanding these parameters. Note that the mechanism of
breaking time-translation invariance is not different from usual attractor phase so we can use
result of [3] prior to expansion which are presented in (2.2) and (2.4).
First, we have to obtain the contributions from H˙(t+π) and H2(t+π) to first order of ǫ,
since in principle the time derivatives of the Hubble parameter generates powers of η which
can not be discarded because |η| ∼ 1 during the non-attractor phase. These expansions
are performed in (2.10) and (2.11). Also other parameters in action may vary fast so we
have to expand them and extract their leading behaviors. These terms are M4(t+ π) which
corresponds to speed of sound and c3(t+π) which is a free parameter of the theory not being
fixed by the symmetries. The expansion of these two parameters are presented in (2.12)
and (2.13).
Equipped by expansions of all parameters in the action, the second order action is given
as follows
S2 =
∫
d4xa3M2p
{
ǫH2
(
π˙2 − 2N i∂iπ − 2π˙δN + δN2 − 1
a2
∂iπ∂iπ
)
+ 2ǫηH3ππ˙+ (A.1)
3ǫηH4π2 + 6ǫH3πδN −
(
1− 1
c2s
)
ǫH2
[
π˙2 + δN2 − 2π˙δN]
+ ǫη2H4π2 − 2HδN∂iN i + 1
4
[
∂iN
j∂iN
j − ∂iNi∂jNj
]− 3H2δN2
}
+O(ǫ2)
Simplifying the above action yields
S2 =
∫
d4xa3M2p ǫH
2
{
π˙2
c2s
+
δN2
c2s
− 2π˙δN
c2s
+ 6HπδN − 2N i∂iπ − 1
a2
∂iπ∂iπ
}
(A.2)
+
∫
d4xa3M2pH
2
{− 2δN∂iN i − 3δN2}
As usual, δN and N i are non-dynamical in the sense that their equation involves no
time derivatives. Solving their equations algebraically we obtain
δN = ǫHπ +O(ǫ2)
∂iN
i = −ǫHπ˙
c2s
+O(ǫ2) (A.3)
It is worth mentioning that these results are independent of the attractor or non-attractor
assumption. Also the results are independent of the small or large variation of sound speed
as s = c˙s/Hcs does not appear in the quadratic action.
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Having obtained δN and N i one has to plug them back into action (A.2) to find the
final second order action in terms of π. As can be seen from eq. (A.3) both δN and N i are
proportional to ǫ. However, during the non-attractor phase ǫ falls off exponentially so one
expects that the contributions from δN and N i in the action (A.2) to be sub-leading. Indeed,
from (A.2) we see that the terms containing δN and N i are higher orders in ǫ compared to
terms containing only π. Therefore, to leading order in power of ǫ, one can safely neglect
the contribution from δN and N i in the action corresponding to set δN = N i = 0. This
represents our decoupling limit in which we keep only terms of O(ǫ) and discard terms of
higher orders in ǫ. Also in this limit, one can safely neglect the contribution from the
gravitational action (2.4). In the decoupling action (A.2) reduces to eq. (2.14).
The third order action is complicated in general but in the decoupling limit as described
above the action simplifies significantly yielding
S3 =
∫
d4xa3ǫM2pH
2
[
(η − 2s)H
c2s
ππ˙2 − ηH 1
a2
π(∂iπ)
2
−
(
1 +
2
3
c3
)(
1− 1
c2s
)
π˙3 +
(
1− 1
c2s
)
π˙
1
a2
(∂iπ)
2
]
. (A.4)
Note that, unlike second order action, this action is sensitive to large time variation of cs as
s appears directly in the action. In addition the cubic action depends on c3 too.
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